Abstract
Introduction

31
The propulsion of mammalian spermatozoa occurs as a consequence of the forces generated by the beating 32 flagellum as it translates through a viscous fluid; these forces are significantly affected by the presence of nearby 33 fluid-solid interfaces [1] . However, the interactions between sperm and biological or man-made surfaces have been 34 relatively poorly investigated to date. Many observations suggest that sperm preferentially accumulate near the 35 surfaces of microscope slides between the fluid boundary and the surface [2-4] and theoretical models to explain 36 the observation have been proposed [5] . However, such models are limited in scope in that they assume the 37 physical and chemical properties of surfaces that sperm may encounter in biology are both uniform and identical, 38 which is clearly not the case.
40
Following deposition, motile sperm typically travel through the female reproductive tract from the site of 41 insemination to the site of fertilisation [6] . Depending on the species concerned, this will invariably involve sperm 42 encountering a number of different epithelial cell types with radically different apical topography and surface 43 chemistry of the glycocalyx. Direct observation suggests that interaction with the epithelial surface is important in 44 many aspects of the sperm's journey [7, 8] . However in addition to surface chemistry, sperm interaction with 45 epithelial surfaces may involve interaction between specific receptors, or may be influenced by mucous secretions 46 or local ionic concentrations [6] . Moreover, during the sperm transport process the sperm surface chemistry may 47 also undergo considerable modification associated with sperm capacitation or sperm ageing [9] .
49
In contrast to the sperm's journey in vivo, ejaculated or surgically recovered animal or human sperm used in 50 assisted conception procedures are frequently manipulated in laboratory plastics as they are either prepared to be 51 co-incubated with an oocyte in IVF [10] or directly injected into an oocyte [11] . In either case, sperm may spend 52 several hours suspended in tissue culture fluid or accumulating at the interface between the fluid and surface of the 53 laboratory plastic in the container in which they are held. Clearly this environment is significantly different from 54 that encountered in vivo and it has been suggested that improvements to infertility procedures might be possible if 55 laboratory processes and equipment better mimicked in vivo conditions [6] .
57
In recognition that the surface chemistry of laboratory plastics may not be optimal for sperm, recent studies have 58 focused on how sperm survival in laboratory plastic [12] or sperm movement through microfluidic channels [13] 59 can be significantly altered by relatively subtle changes to the surface chemistry. This study investigates how 60 detailed measurements of sperm motility can be altered by the hydrophobicity of surfaces. Static sessile contact 61 angle measurements are used to determine contact angles from which surface energy is determined and so a 62 quantifiable measure of hydrophobicity is found. A Computer Assisted Sperm Analysis (CASA) system is used to 63 provide objective data on sperm kinematics.
65
Materials and Methods
66
Percoll was purchased from Fisher Scientific (Loughborough, United Kingdom 
77
and 50 g/mL kanamycin sulphate) by JSR and received the day after collection. BTS is a widely used extender 78 for boar sperm that preserves fertility for at least 3 days at ambient temperature [14] .
80
Sperm were separated from the diluted semen by sedimentation through a density-gradient system of iso-osmotic
81
Percoll in a saline-based medium. Once the supernatant layers were removed the sperm pellets were gently 82 resuspended in Tyrode's medium (116 mM NaCl, 3.1 mM KCl, 0.4 mM MgSO 4 , 0.3 mM NaH 2 PO 4 , 5 mM 83 glucose, 21.7 mM sodium lactate, 1 mM sodium pyruvate, 1mM ethyleneglycoltetraacetic acid (EGTA), 20 mM 84 HEPES (adjusted to pH 7.6 at 20ºC with NaOH), and 3 mg/mL bovine serum albumin (BSA); at 38˚C the final pH 85 was 7.6 and osmolality was 300 mOsm/kg). The presence of bicarbonate/CO 2 has been shown to affect the motility 86 of boar spermatozoa [15] , and so aliquots of 300 mM NaHCO 3 saturated with 100% CO 2 were prepared in advance 87 and a volume added to the resuspended sperm to give a final concentration of 15 mM. These aliquots were stored 88 under 5% CO 2 in air to prevent loss of CO 2 during incubation between experiments. 
111
Measuring film thickness
112
The thickness of the films was determined using an M-2000 spectroscopic ellipsometer (J. A. Woollam Co., Inc).
113
The film temperatures were controlled using a Linkam heating stage (Linkam Scientific Instruments Ltd, Surrey, 
136
In order to extract the curvilinear velocities, a custom-built package was developed in-house using LabView 2012
137
(National Instruments UK, Newbury, UK) based on previous work developed for tracking self-motile particles 138 [19] . The videos were processed to remove debris and dead cells from analysis; the brightness of each pixel was 139 determined over a frame, and if this brightness remained over all frames the object (either immotile cell or debris)
140
was considered unfit for tracking. These pixels were subsequently removed from all frames to produce a flat- 
151
The contact angle of PS was found to be greater than that of PMMA as seen in Table 1 . This difference in 
165
Variance (with bootstrapping) was performed on log-transformed data confirmed this, indicating that there was no 6 statistically significant difference in VCL between PS films of different thicknesses (2% n = 32; 4% n = 39; 6% n 167 = 23; 8% n = 61; 10% n = 62). Similar analysis was performed on the PMMA dataset using Bonferroni corrected
168
Mann-Whitney testing (standard transformations did not yield a dataset that satisfied the assumptions of ANOVA)
169
showed no significant difference between PMMA films of different thickness (4% n = 39; 6% n = 111; 8% n = 170 134; 10% n = 129). A lack of difference in sperm motility between films of different thicknesses is not unexpected
171
given the previous discussion regarding the similarities in contact angle measurements for each polymer species.
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174
These results indicate that film thickness does not affect the velocity of sperm for either of the two coated surfaces
175
and that only the surface layer and film composition is important; this finding indicates that long-range forces due 176 to the substrates are not affecting the results. Thus, in the absence of a good solvent or thermal energy to induce a 177 glass transition (both PMMA and PS have glass transition temperatures above 90˚C), the sperm will be restricted 178 to interacting solely with the surface layer of the film. To confirm this, the films were subsequently examined 179 visually using an optical microscope and no sperm were found to have penetrated into the film at any thickness,
180
confirming the previous result that only the surface of the film influences the curvilinear velocity of the sperm.
182
Film composition
183
Having confirmed that film thickness did not affect the motility of sperm, the data from all film thicknesses in the 184 previous section were combined into two groups, PS (n = 217) and PMMA (n = 417). These pooled data from the 185 same boar (hereafter referred to as boar 1) were non-normally distributed and therefore a Mann-Whitney test was
186
performed to assess differences in motility between the two surface types. Curvilinear velocity was found to be 187 significantly greater for PMMA than PS, U = 111745, p < .0001, r = .61. To ensure that this effect was not due to 
251
The systems presented here are the simplest possible (a flat, uniform polymer surface) and so a logical progression 252 from this work will be to introduce variations in the surface to affect the hydrophobicity through surface 
344
in a thicker film. All films were spun at 3000 rpm for 30 s, and film thicknesses were measured using ellipsometry. 
346
362
PMMA is significantly greater than PS for boar 1 (U = 111745, p < .0001, r = .61), boar 2 (U = 20537, p <
363
.0001, r = .25) and boar 3 (U = 9368, p < .0001, r = .38). 
